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DISC BRAKE CALIPER 



The present invention relates to a disc brake caliper for an automotive 
vehicle such as a car or a motorcycle, and in particular, the invention relates to 
5 a caliper which includes both a service and a parking brake facility. A caliper of 
this kind, which is operable in both service and parking brake modes, can be 
termed an "integral disc brake caliper" and that terminology will be used to 
describe such a caliper hereinafter throughout this specification. 

Integral disc brake calipers have been devised in the past and these 

10 typically have involved a hydraulic service brake actuator including a 
hydraulically driven piston, and a parking brake actuator which acts through a 
suitable mechanism to drive the piston in the manual parking brake mode. The 
arrangement is such that the hydraulic actuator is operable to shift the piston 
outwardly of a piston cylinder in which it is disposed, to engage a disc brake 

15 pad and to push the pad into engagement with the disc rotor. By known means, 
engagement of the brake pad with the disc rotor causes a second brake pad 
disposed on the opposite side of the rotor to shift into engagement with that side 
of the rotor and thus the rotor becomes sandwiched between the brake pads, 
producing a braking effect. 

20 The parking brake actuator in such calipers is operable to produce the 

same movement of the disc brake pads to sandwich the rotor and in the known 
arrangements, the parking brake actuator has been operable to displace the 
piston of the hydraulic actuator into engagement with the respective brake pad. 
To achieve that displacement, the parking brake actuator has been disposed 

25 within, or partly within the cylinder which houses the piston, to act on the piston 
when the parking brake is to be actuated. In this type of arrangement, the 
construction of the caliper can be quite complicated in order to accommodate 
the parking brake actuator partly or fully within the piston cylinder and in 
particular, the complicated nature of the caliper arises somewhat because 

30 accommodation of the parking brake actuator in the piston cylinder introduces 
at least an additional leakage path, so increasing the likelihood of leakage from 
the piston cylinder. Because there is a need to properly seal against the 
increased likelihood of leakage this invariably complicates the construction of 
the caliper. 
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In a different arrangement which is known to the applicant, the parking 
brake actuator is arranged to act on the piston, but outside of the piston 
cylinder. This arrangement advantageously alleviates the difficult and 
complicated sealing requirements of the other known forms of integral disc 
5 brake calipers, but the arrangement still requires a complicated construction for 
connecting the actuator to the piston which detracts from its usefulness, and 
increases its potential for failure. The arrangement lacks stiffness and therefore 
the displacement efficiency of the parking brake actuator is poor. Accordingly, 
there is a need for a greater input displacement to achieve the piston 

10 displacement necessary to properly apply the parking brakes. Further, the 
greater displacement required to apply the parking brakes can mean that the 
time taken for application thereof, is increased. 

A further disadvantage in relation to each of the aforedescribed actuators 
is that failure of one of the service or parking brake actuators can affect the 

15 other. This may occur for one or more of a variety of reasons. For example, if 
the piston of the hydraulic actuator jams, then neither of the service or parking 
brakes will be operable. Thus, the shared componentry of the actuators can 
compromise the integrity of the caliper. 

It is an object of the present invention to provide a disc brake caliper 

20 operable in each of service and parking brake modes, which overcomes or at 
least alleviates drawbacks of the prior art. It is a further object of the invention 
to provide a disc brake caliper of the integral kind, which is of reduced 
complexity compared with prior art arrangements. 

A disc brake caliper according to the present invention includes a 

25 hydraulic actuator for service brake actuation and an electric actuator for 
parking brake actuation and is characterised in that each of the actuators 
includes actuating means which is arranged for actuation against the rear of a 
disc brake pad, with the positions of actuation being spaced apart. 

A disc brake caliper of the above kind is distinguished from the prior art 

30 because the electric actuator includes actuating means arranged for actuation 
against the rear of the disc brake pad, which is separate from the actuating 
means (normally a hydraulic piston) of the hydraulic actuator. Thus, the electric 
actuator is not required to interact with the hydraulic actuator, such as to 
penetrate into the piston cylinder of the hydraulic actuator, nor is it required to 
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act on the hydraulic piston, either inside or outside of the piston cylinder. 
Accordingly, the sealing difficulties experienced with prior art integral disc brake 
calipers are not apparent in a caliper according to the invention. Moreover, 
because the electric actuator is operable without interaction with the actuating 
5 means of the hydraulic actuator, the complicated prior art connection between 
the hydraulic piston and the electric actuator is not required and the caliper can 
have improved reliability because failure of one of the service or parking 
actuators does not affect the other. 

In a preferred arrangement, a disc brake caliper according to the present 

10 invention includes a housing and an anchor bracket which are connected for 
relative movement during brake actuation. The housing has a bridge section 
which in use, bridges a disc brake rotor, and a pair of brake pad mounting 
portions which extend substantially perpendicular to the bridge section for 
disposal in use on either side of the rotor. A brake pad can be mounted on 

15 each mounting portion in facing relationship with opposite sides of the rotor. 
The caliper further includes a hydraulic service brake actuator and an electric 
parking brake actuator, each of which includes actuating means for actuation 
against the rear of one of the pair of disc brake pads, for displacing that pad 
away from the respective mounting portion and into engagement with one side 

20 of the rotor. Upon engagement of the pad with the rotor, the other of the pair of 
pads is displaced toward the opposite side of the rotor through relative 
movement between the housing and the anchor bracket, to sandwich the rotor 
and apply a braking load. 

It will be convenient hereinafter to describe the electric and hydraulic 

25 actuators as including actuating means in the form of actuating members and in 
relation to the hydraulic actuator, the actuating member will be described as a 
piston which is disposed within a cylinder. It is to be appreciated however, that 
the actuating means of each actuator may be of any suitable form for actuation 
against the rear face of the disc brake pad and in particular, the hydraulic 

30 actuator may include actuating means which is other than a piston. 

A typical hydraulic caliper of the prior art may include a single piston or a 
twin piston arrangement. Further pistons can be employed, but these are 
generally in heavy duty vehicles and while such calipers are within the scope of 
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the invention, the invention is envisaged to be applicable principally to single or 
twin piston arrangements. 

In a disc brake caliper according to the invention, the piston of the 
hydraulic actuator preferably engages the rear of a disc brake pad at a position 
5 or along a line of action so that the friction lining supported by the pad and 
which faces the rotor applies a substantially even pressure to the rotor across 
the face of the friction lining. This is preferred to ensure even wear of the 
friction lining, to maximise its life and to provide maximum braking efficiency. 
This is achieved in a single piston caliper, by the piston engaging the rear of the 

10 disc brake pad through a position generally central of the pad. In a twin piston 
caliper, in contrast, the pistons generally engage the rear of the pad 
symmetrically on either side of a centre line between opposite sides of the pad. 

In a caliper according to the invention which includes a single piston, the 
actuating member of the electric actuator can permissibly engage the rear of the 

15 disc brake pad through an eccentric line of action relative to the generally 
central line of action of the piston of the hydraulic actuator. That is, the 
actuating member is offset circumferentially and/or radially from the piston 
centre line. Thus, the load imposed on the brake pad by the electric actuator is 
an eccentric load. The acceptability of that eccentric load or engagement is due 

20 to the normally static nature of the parking brake application, in which there is 
normally no relative movement between the friction lining and the braking 
surface. Thus, there is relatively no wear of the friction lining during a parking 
brake application, and accordingly the lining will not be caused to wear in an 
uneven manner despite being applied with an eccentric load or at least any 

25 wear will be negligible relative to that which occurs during service brake 
actuation. In this respect, the eccentric application of the parking load may 
reduce the efficiency of the parking brake, but despite this, any such efficiency 
reduction can be absorbed by the application of an increased actuating force 
applied by the electric actuator. By way of benefit however, the actuating 

30 member can apply a load to the disc brake pad which results in a reduced 
bending stress being applied through the bridge section of the caliper. This can 
be achieved by the load application being applied closer to the neutral axis of 
the caliper than the piston. The effective clamp radius and hence the resultant 
torque applied by the actuating member is also greater for this reason. 
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In a single piston caliper, the actuating member of the parking brake 
actuator preferably is disposed to have a line of action parallel to the line of 
action of the hydraulic piston and preferably as close to the line of action of the 
hydraulic piston as the construction of the caliper will allow, in order to minimise 
5 the eccentricity of the parking brake load and the bulk of the caliper. 

Thus, the actuating member of the electric actuator preferably is 
disposed immediately adjacent the hydraulic piston. In a twin piston caliper, the 
electric actuating member preferably is disposed between the respective 
pistons. In this arrangement, the actuating member of the electric actuator can 

10 advantageously be arranged to act along a line of action which is substantially 
central or non-eccentric of the rear of the disc brake pad. 

The hydraulic actuator of a caliper according to the invention 
advantageously can be of the same or similar operation and construction as 
prior art hydraulic actuators, so as to include a piston disposed within a cylinder, 

15 which is displaceable within a cylinder under hydraulic pressure to bear against 
the rear face of a disc brake pad, to shift the friction lining of the pad into 
engagement with a rotor. The arrangement includes any suitable hydraulic 
connections and sealing arrangement. 

The electric actuator of a caliper according to the invention can take any 

20 suitable form and in one form, it includes an actuating member having a disc 
brake pad engaging portion and means to cooperate with electric drive means 
spaced from the engaging portion. The actuating member may be formed as an 
elongate rod and may be arranged for axial movement along its lengthwise axis, 
by rotational movement about the same axis. In this arrangement, a portion of 

25 the outer surface of the rod can be formed with a thread, say a male thread, that 
meshes with a fixed female mating thread, such as may be formed in the inner 
wall of a conduit or bore of the caliper which houses the rod, and rotation of the 
rod by the electric drive means causes it to shift axially within the bore by virtue 
of the threaded meshing engagement. That axial shift can be employed to shift 

30 the disc brake pad of the caliper into and out of engagement with the disc brake 
rotor. 

In one arrangement, the electric drive means may include an electric 
motor which drives a worm in mating engagement with a worm gear, which in 
turn is fixed relative to the rod. The worm gear may be fixed to the rod in any 
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suitable manner, such as by a key connection. By the above arrangement, 
drive of the worm by the electric motor rotates the worm gear connected to the 
rod, thereby rotating the rod about its lengthwise axis. The threaded connection 
between the rod and the caliper is such as to convert the rod rotation into linear 
5 axial movement, in one direction to shift the disc brake pad into engagement 
with the rotor. This arrangement may be employed with either a single or a twin 
piston caliper, or with calipers employing three or more pistons. 

A caliper according to the invention may include a second or further 
electric actuator as required to properly apply the parking brake of a vehicle. 

10 For example, two electric parking brake actuators may be provided, or there 
may be a single electric actuator which includes two or more actuating 
members. The provision of more than a single electric actuator or actuating 
members may be based on the same or similar considerations that govern the 
provision of multiple hydraulic pistons. 

15 The electric drive means of the actuator may be an electric motor as 

discussed above, or it can be one of a variety of other forms. For example, the 
electric actuator may include a gearbox in a drive mechanism such as eccentric, 
planetary, spur, worm, worm-wheel gearbox and if a screw drive of the kind 
described above is adopted, that may include any suitable forms of screw such 

20 as a ball screw, asymmetrical ball screw, ACME, asymmetrical lead screw, 
harmonic screw and a roller screw. Additionally, the linear translation of the 
actuating member can be as described, or can be eccentric cam facial or radial, 
or rack and pinion. The electric actuator may further include flexible links, such 
as steel membranes to multiply load with a reduction in travel. Double stage 

25 actuators may be employed. It will be appreciated that a wide variety of 
alternatives may exist in relation to the constructions and operation of the 
electric actuator. 

The attached drawings show example embodiments of the invention of 
the foregoing kind. The particularity of those drawings and the associated 
30 description does not supersede the generality of the preceding broad 
description of the invention. 

Figure 1 is a cross-sectional view of a single piston integral disc brake 
caliper according to the invention. 
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Figure 2 is a cross-sectional view of a twin piston integral disc brake 
caliper according to the invention. 

The disc brake caliper 10 shown in Figure 1 is not shown in full, but the 
components which are not shown would be apparent to a person skilled in the 
5 art. For example, the housing 1 1 does not show the bridging section which 
straddles the rotor, nor the anchor bracket which connects the housing 1 1 to the 
vehicle wheel assembly. Figure 1 does however illustrate those features which 
are pertinent to the invention and in particular, Figure 1 shows the housing 1 1 
accommodating each of an electric parking brake actuator 12 and a hydraulic 

10 service brake actuator 13. As shown, the caliper 10 further includes a pair of 
disc brake pads 14 and 15, which are disposed on either side of a rotor 16. The 
pads 14 and 15 each include a supporting member 17 and a friction lining 18. 
Each of the disc brake pads 14 and 15 are supported in a known manner by the 
housing 1 1 for movement toward and away from the rotor 16. In brief terms, the 

15 pad 14 is shifted relative to the housing 11 toward and into engagement with 
one side of the rotor 16 and thereafter the pad 15 shifts with the housing into 
engagement with the other side of the rotor 16 to sandwich the rotor and to 
thereby apply a braking load thereto. The pad and housing movements are 
known and therefore further discussion in relation to that movement is not 

20 required. Movement of the pads 14 and 15 away from the rotor 16 when 
parking or service brake actuation is discontinued is achieved in a known 
manner and likewise it is not necessary to describe it in further detail. 

Movement of the disc brake pad 14 into engagement with the rotor 16 is 
initiated by either of the electric or hydraulic actuators 12 or 13. The hydraulic 

25 actuator 13 includes a piston 19 disposed within a cylinder 20 and hydraulic 
fluid pressure applied to the rear 21 of the piston 19 is effective to shift the 
piston toward the rotor 16. Hydraulic fluid enters the cylinder 20 through a 
suitable hydraulic connection (not shown), while an annular seal 22 prevents 
leakage of fluid from within the cylinder 20. The piston 19 bears against the 

30 rear face 23 of the supporting member 17 of the brake pad 14, through 
substantially the centre of the pad 14 between upper and lower abutments 17a 
thereof (as shown in Figure 1) and between transverse opposite ends thereof 
(not shown in Figure 1). By this arrangement, the friction lining 18 of the pad 14 
is brought into engagement with the rotor under substantially even pressure 
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across its full face, and thus the friction lining will tend to wear evenly and 
provide maximum braking efficiency. As discussed earlier, when the pad 14 
engages the rotor 16, continued hydraulic actuation thereafter shifts the housing 
11 and the pad 15 into engagement with the opposite side of the rotor 16 to 
5 sandwich the rotor and to produce the required braking effect. 

The electric actuator 12 produces the same disc brake pad shifting 
movement as the hydraulic actuator 13, but via a different mechanism. The 
electric actuator 12 includes an actuating member in the form of an elongate rod 
24. The rod 24 includes a disc brake pad engaging end or portion 25, a 

10 threaded male portion 26, and a keyway 27. The threaded male portion 26 is in 
threaded engagement with a mating female thread 28 formed on the internal 
surface of a bore 29 in the housing 1 1 . The engaging end 25 is formed at one 
end of an unthreaded rod portion 30 of the rod 24 which is of a smaller diameter 
than the internal diameter of the bore 29 so as to define a gap G therebetween. 

15 The gap G permits a seal 31 to be inserted between the internal surface of the 
bore 29 and the outer surface of the rod portion 30, to seal against ingress of 
foreign matter. 

Connected to the rod 24 by a key 32 is a worm gear 33, which is 
- disposed in meshed engagement with a worm 34. The worm 34 is driven by an 

20 electric motor 35 to drive the worm gear 33 and thus to rotate the rod 24. By 
virtue of the threaded engagement between the threaded rod portion 26 and the 
bore thread 28, rotation of the rod 24 in one direction advances the rod toward 
the rotor 16 and rotation in the reverse direction retreats the rod 24 away from 
the rotor 1 6. By this mechanism, the engaging end 25 of the rod 24 can exert a 

25 force on the rear face 23 of the brake pad 14 to shift the pad 14 toward and into 
engagement with one side of the rotor 16. Thus, the electric drive is not 
restricted to an electric motor but can include an alternative electric drive, 
incorporating say a solenoid drive, or incorporating a piezo electric drive. 

It is clear from Figure 1 that the respective lines of action of each of the 

30 electric and hydraulic actuators 12 and 13 are spaced apart and parallel. As 
discussed earlier, the line of action of the piston 19 is through substantially the 
centre of the pad 14 and therefore necessarily, the rod 24 of the electric 
actuator 12 acts along an eccentric line of action relative to that of the piston 19. 
Accordingly, a load applied by the rod 24 to the rear face 23 of the pad 14 is an 
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eccentric load which causes an uneven loading of the friction lining 18 of the 
pad 14 against the rotor 16. However, that eccentric loading is permissible 
given that there is normally no relative movement between the rotor 16 and the 
friction lining 18 that would tend to wear the lining in an uneven manner. 
5 The caliper 10 advantageously can be arranged to provide reduced 

bending stress through the bridge section of the caliper during parking brake 
actuation, by positioning the rod 24 closer to the neutral axis of the caliper 
bridge section than the piston 19. The reduced bending stress is relative to 
prior art service/parking brake callipers discussed earlier, in which the piston is 

1 0 the disc pad engaging component of each actuator. 

Figure 2 is a cross-sectional view of a twin piston disc brake caliper 40 
according to the invention. The caliper 40 includes a housing 41, which 
accommodates the hydraulic service brake actuator and the electric parking 
brake actuator. The hydraulic actuator includes a pair of pistons 42, each of 

15 which is disposed in a respective piston cylinder 43 for engagement against the 
rear face 44 of a disc brake pad 45. In the Figure 2 embodiment, the caliper 40 
includes a further disc brake pad (not shown) disposed in spaced apart facing 
relationship with the pad 45 in the same manner as shown in Figure 1 . The pad 
45 includes a friction lining supporting member 46 and a friction lining 47 

20 supported thereon. 

The arrangement of the hydraulic actuator in the Figure 2 embodiment 
can be operationally the same as the Figure 1 embodiment. In other words, 
apart from having two pistons 42, the operation of the pistons and their 
arrangement can be the same as that shown in Figure 1. Accordingly, further 

25 detail of the hydraulic actuator of Figure 2, for example such as in respect of the 
hydraulic sealing arrangement, can be assumed to be the same as the Figure 1 
embodiment. 

The caliper 40 includes an electric parking brake actuator 48 which has 
the same construction as the electric parking brake actuator 12 of Figure 1. 
30 That is, it includes an elongate rod 49 housed within a bore 50 formed in the 
housing 41 and the rod includes a thread formed on the outer surface thereof 
for threadably engaging a complementary thread formed on the internal surface 
of the bore 50. A worm gear 51 is attached by key connection to the rod 49 and 
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the worm gear is driven by a worm 52, which itself is driven by an electric motor 
53. The rod 49 is movable axially along its lengthwise axis. 

The Figure 2 embodiment differs from that of the embodiment of Figure 
1 , by the non-eccentric line of action of the electric actuator 48. That is, the rod 
49 acts through substantially the centre of the pad 45, while the pair of pistons 
42 act symmetrically on either side of the rod 49. Thus, while the eccentric 
loading action of the electric parking brake actuator of the Figure 1 embodiment 
is not considered to have substantial disadvantageous effects, such eccentric 
loading can be avoided in a twin piston caliper. 

The invention described herein is susceptible to variations, modifications 
and/or additions other than those specifically described and it is to be 
understood that the invention includes all such variations, modifications and/or 
additions which fall within the spirit and scope of the above description. 

DATED: 8 August 2001 

PHILLIPS ORMONDE & FITZPATRICK 

Attorneys for: 

PBR AUSTRALIA PTY LTD 
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